Analogous to electronic spin-up and spin-down,a pair of degenerate left-circular polarization(LCP: positive helix or pseudo-spin up) and right-circular polarization (RCP: negative helix or pseudo-spin down) photonic states (Fig. 1a) can be described using Beltrami fields
In this letter, we will start from the above fundamental symmetries of photons and electrons to investigate the topological nature of photons and the intrinsic protection mechanism of photonic topological Kramers degeneracy. We will exploit left-and right-circular polarization states as a pair of degenerate photonic pseudo-spin states to realize the Kramers degeneracy through strong magneto-electric coupling in a judiciously designedphotonic crystal consisting of piezoelectric (PE) and piezomagnetic (PM) superlattice constituents.
Associated with the achieved Kramers degeneracy in our photonic crystal, photonics QSH effects are well demonstrated, with a bulk band gap and a pair of gapless edge states for lef and right circular polarization states respectively, which show robust one-way pseudo-spin-dependent propagation against impurities if the system is invariant under T f operation. However,such one-way propagation is sensitive to impurities with their optical parameters satisfying T b invariant but T f breaking. With the rigorous analysis of the fundamental symmetry in our system, it is evident that the robustness of photonic topological states is in fact protected by T f rather than intuitively believed T b .
Analogous to electronic spin-up and spin-down,a pair of degenerate left-circular polarization(LCP: positive helix or pseudo-spin up) and right-circular polarization (RCP: negative helix or pseudo-spin down) photonic states (Fig. 1a) can be described using Beltrami fields
(
The Kramers degeneracy is critical to create impurity-insensitive topological states, however, quasi-two-dimensional photonic crystal consisting of arrayed meta-atoms: a PE and PM superlattice with its periodicity in a deep subwavelength scale along the z direction (Fig. 1b) .We utilized the strong magneto-electric coupling inherently associated with the PE and PM superlattice 29 to realize the pseudo-spin-orbit coupling and Kramers degeneracy for LCP and RCP.
In our system, the Hamiltonian for LCP and RCP states is, To illustrate the robustness of one-way transportation, we studied the backscattering immune propagations under different cases (Fig. 3) . Without any defects, the pseudo-spin-dependent transportation is validated as LCP (RCP) source only excites one-way clockwise (anti-clockwise)
propagation of LCP (RCP) light ( 
Methods Effective bi-anisotropic tensor representation:
To obtain the effective constitutive relation of PE and PM superlattice, we resort to classical PE and PM equations dealing with coupling effect between the EM waves and lattice vibrations: 
